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EFFECT OF FIRE ON FOREST SOILS
small pines but discourages oak; repeated fires eliminate many of the small
undes.irable hardwoods. Shrubby understories are reduced in density and
height by periodic light fires.
Opponents of the use of controlled burning have claimed that soil deterioration results from periodic fires. Accordingly, the present investigation
was initiated in order to discover to what extent soil characteristics in
oak-pine stands of the Pine Barrens have been modified by controlled
burning.
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REVIEW OF LITERATURE

REVIEW OF LITERATURE
UCH has been written co.ncerning the effect of fires on soil, although
there have been few comprehensive investigations of the subject.
Most of the studies have been confined either to comparison of frequent burning with complete fire protection or to observations of the effects of a single
severe fire. Little research has been done which applies to the effects of fire
upon the soil when fire is used as a silvicultural tool.
In order to classify the information in the literature, the effects of fires
on soils were separated into classes as follows.: (I) effect on the amount
of unincorporated organic material, ( 2) effect on physical properties, ( 3 )
effect on chemical properties, (4) effect on soil organisms, and (5) effect
on soil productivity. These various effects of fires on soil are complex and
interrelated.
In the review of the literature and in subsequent sections, the term "soil"
includes not only the mineral soil, but all layers of unincorporated organic
matter resting upon the mineral soil.

M

EFFECT OF FIRES ON THE AMOUNT OF UNINCORPORATED
ORGANIC MATERIAL

The effect of fire upon the thickness of the forest floor varies inversely
with the intensity and frequency of burning. In the case of a severe fire
such as was reported by Alway and Rost (1928), the mineral soil was
exposed over extensive areas, but single light fires hardly affect the organic
layers below the litter.
Diebold (1942) found that in the Adirondacks the median depth of
the forest floor in burned areas of the spruce-fir type was only 2 inches as
contrasted with 14 inches in unburned spots. Fires which killed the timber
did not necessarily destroy the forest floor.
Donahue (1942) reported that in soils under shortleaf and longleaf pine
stands the total amount of organic matter was twice as great in areas long
unburned as it was where frequent burning had occurred. Summer fires
were more destructive of organic matter than were spring fires.
According to Elliott and Pomeroy (1948), all the litter was destroyed
in a broadcast burn of loblolly pine slash on a clearcut area. In places where
the fire was hottest, about 50 per cent of the forest floor was destroyed.
Over most of the area the organic cover remained intact.
The differences between the organic layers under longleaf pine stands
3
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protected from fire for at least ten years and under stands subjected to
frequent burning have been described by Heyward and Barnette (1936)
and Heyward (1937). Under the burned stands there was no unincorporated organic material. On areas protected from fire the litter was 0.75-1.5
inches thick, with a gradual transition to an F layer 0.5-1.5 inches thick,
which generally rested upon mineral soil. A thin H layer was present in a
few spots.
Fires in soil composed entirely of organic matter are serious because all
the soil may be lost, leaving an expanse of bare rock. In the spruce-fir type
at high elevations in the southern Appalachians, fire has destroyed the
organic soil on certain areas, removing.as much as 2 feet of organic matter and
leaving bare rock exposed (Minckler, 1945). A succession of fires in the Great
Dismal Swamp in North Carolina resulted in destruction of peat to a
depth of IO or more feet in places (Anon., 1945).
EFFECT OF FIRES ON PHYSICAL PROPERTIES

The physical properties of a soil that has been, burned over are subject
to change, mainly becaus.e of the removal of unincorporated organic material and the effect of the fire on soil organisms. In most cases that have
been reported the cause of changes in physical properties is difficult to trace.
Temperatures during fires

In a study of temperatures in the mineral soil during forest fires in the
longleaf pine region, Heyward (1938) found that at a depth of only
0.12-0.25 inch the majority of temperatures recorded were 150-175° F.,
persisting two to four minutes. The maximum temperature recorded was
275° F. At a depth of I inch there were only slight increases in temperature. These data indicated that only slight losses of incorporated organic
matter occurred during such fires.
Beadle (1940) observed that temperatures on the surface of sandy soil
during fires in New South Wales varied from 81° to 213° C. (178 to 415°
F.). At a depth of I inch the maximum temperature recorded was 67° C.
(153° F.).
Temperatures during a slash fire on a clearcut area in the Douglas fir
region were measured by Isaac and Hopkins (1937). The highest temperatures recorded immediately above and I inch below the forest floor were
1841° and 608° F., respectively.
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Elpatievsky et a1. (1934) reported that burning of huge piles of slash
in spruce and pine forests in Russia caused temperatures in the upper horizon
of sandy mineral soil to rise to 260° C. (500° F.). The depth of penetration of heat into the sandy soil was much greater than into heavy-textured
soil.
The vertical gradient of temperature during slash fires is illustrated by
the following observations, of Hofmann (1924). Heavy slash of Douglas
fir, cedar, and hemlock was burned, with temperature extremes as follows:
30 inches above ground, 850 0 F.; under 0.75 inch of duff, 120 0 F.; in
mineral soil under 1.5 inches of duff, 60° F.; and under 1 inch of exposed
mineral soil, 75° F.
Temperatures of burned-over soil
Although no difference was detected in surface temperatures between
burned and unburned plots in a jack pine stand during the second growing
season after a light fire (Shirley, 1932), a number of investigators have
reported increased temperatures as a result of the removal of forest-floor
material by burning.
Harper (1944) found that daily temperatures in the mineral soil at
depths of 1.5 inches and 4.5 inches under longleaf pine stands averaged
higher on burned plots than on adjacent unburned plots during two growing seasons. Harper's findings are substantiated by those of Wahlenberg
et al. (1939) that on grazed areas in the longleaf pine region the mineral
soil at the 3-inch depth was slightly warmer where there had been frequent
fires than in protected areas.
Temperatures tend to be more extreme on burned areas than on unburned
areas. In the savanna of South Africa, higher temperatures were recorded
during the day for the 0-6 inch layer in fired soil than in non-fired soil;
during the night temperatures were lower in the burned soil (Phillips,
1930). In the Duke Forest, temperatures on the surface and at the 3-inch
depth in a plot burned over at intervals for five years were more extreme
than those in an adjacent undisturbed plot (Pearse, 1943).
Hensel (1923) recorded soil temperatures after burning in grassland.
At a depth of 1 inch the mean maximum temperature was 12° F. higher
and the mean minimum temperature 2° F. higher on burned than on unburned plots. At a depth of 3 inches the mean maximum temperature was
5° F. higher and the mean minimum temperature 4° F. higher in burned
than in unburned areas. The significance of the increase in temperature
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on the burned areas was indicated by the observation that growth of
vegetation began earlier in the spring on the burned areas.
Fires cause the formation of charcoal in soil. Several investigators have
shown that charcoal increases the temperature of exposed soil. High temperatures resulting from the presence of charcoal in soil have killed seedlings
(Boyce, 1925; Isaac, 1930; Tryon, 1948).

Moisture relations
Although Greene (1935) and Wahlenberg et al. (1939) found no
difference in soil moisture between annually burned plots and unburned
plots in longleaf pine forest, Heyward (1939) reported that in this forest
type the mineral soil down to a depth of at least 10 inches was more moist
in areas protected from fire than in those that were annually burned.
Heyward stated that there were no differences in wilting percentage and
in moisture-holding capacity between these burned and unburned soils.
Isaac and Hopkins (1937) presented data showing that field capacity
decreased in the duff and in the 0-3 inch layer of a loam soil after a slash
fire. There was no change in field capacity below this layer.
Beadle (1940) observed that fire did not appreciably alter the waterholding capacity of a sandy soil in New South Wales. However, Stepanov
(1925) in Russia obtained evidence that water-holding capacity increased
in the surface layer of a mineral s.oil after burning.
Burned soils generally were found to have more moisture than unburned
soils in studies by Gulisashvili and Stratonovitch (1935) in the Leningrad
region. Samples were taken several years after a severe forest fire, and a
decrease in capillary porosity in the upper 10 em. of a slightly podzolized
clay soil was. noted. Intensely podzolized clay soils and sandy soils were
unchanged in capillary porosity by burning.
Investigating moisture relations in California chaparral, Bauer (1936)
recorded that on burned areas moisture in the upper soil layers dropped
below the wilting percentage during part of the growing season. In the
deeper layers, moisture remained above the wilting point throughout the
period. Bauer's observations are substantiated by Sampson (1944), who
stated that moisture in the upper layer of soil is apparently depleted more
rapidly in burned than in unburned chaparral because of (I) increased
evaporation from exposed surfaces, and (2) differences in vegetation cover.
At greater depths the level of soil mois.ture was higher in burned than in unburned areas, presumably because of the lack of living plant roots in the
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lower soil levels of burned areas. Eden (1924), working in English heathland, also found that mois.ture in the surface soil of burned areas was less
than in unburned soil, whereas in the lower horizons the burned soil was
more moist than the unburned soil.
Phillips (1930) stated that in evergreen forests in South Africa, firing
conserved moisture in the soil below the 0-6 inch layer, but that losses of
moisture from the upper 6 inches of burned soil were considerable. However, in the savanna type (grassland containing scattered trees), fires reduced the moisture content of the upper 6 inches of soil and did not alter
the moisture content of the layers below.
Charcoal has an effect on moisture relations of soil; it increased the waterholding capacity of sandy soil but reduced that of clay (Swenson, 1939;
Tryon, 1948).
Texture and structure
Baking of small soil particles into lumps is an effect of high temperatures
during fires, according to Stepanov (1925) ; these lumps could not be broken
up by the usual methods of mechanical analysis, indicating that soil texture
was changed. A similar effect of heat on a heavy s.oil was noted by Sreenivasan and Aurangabadkar (1940). After heating, the clay content of the
soil was less than before heat was applied; the colloids were apparently
aggregated by the high temperature.
The effect of heat in producing good tilth in soils in India has been
pointed out by Edwards (1938). Changes in the physical properties of
clay were brought about by high temperatures under certain conditions;
the clay became friable and its penetrability increas.ed (Ehrenberg, 1922).
Isaac and Hopkins (1937) stated that burning of slash caused an unfavorable change in the structure of underlying soil, but they gave no
substantiating data.
17olume-weight
Periodic removal of litter from forest stands results in increased compactness of the s.oil (Ramann, 1898; Lunt, 1937) ; thus burned soils would
be expected to have higher volume-weight values than unburned soils. This
expectation is borne out by the observations of Heyward (1937) in longleaf pine forests and of Lutz (1934) in the New Jersey Pine Barrens.

'1n/iltration

rate

Measurements made by Arend (1941) showed that the infiltration rate
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of loam soils in the Ozark Mountains of Missouri was lowered 38 per
cent, on the average, by annual burning. Mechanical removal of litter did
not reduce the infiltration rate as much as did removal of litter by repeated
burning. Auten (1934) also reported that burned soils in the Ozarks had
a reduced capacity for water absorption.
Meginnis (1935) observed that the soil in an oak forest in Mississippi,
protected from fire for at least eight years, had a much greater absorptive
capacity for rainfall than did the soil in a nearby scrub-oak area which
had suffered damage from logging and frequent fires.
The rate of infiltration under forest cover was found to be four times
as high as in an adjacent annually burned firebreak (Kittredge, 1938).
Working on loam s.oils in the California chapar~al region, Sampson
(1944) showed that on unburned areas the rate of infiltration was greater
than on burned-over areas. However, the experiments of Veihmeyer and
Johnson (1944) indicated that the infiltration capacity of land covered
with brush was unimpaired by burning.
Run-off and erosion

Shantz (1947) has reviewed, from an ecological viewpoint, the literature
bearing upon the subject of the effects of fire on erosion. Observations of
the effect of fires in accelerating erosion in the western United States have
been reported by Kotok (1931), Morris (1935), Thompson (1935),
Hendricks and Johnson (1944), and Trimble and Tripp (1949).
Brown (1943) reported that floods brought down much debris from a
chaparral·covered watershed, as a result of a fire followed by very heavy
rainfall. At the same time, neighboring unburned chaparral yielded runoff water which was clear. Eaton (1932) mentioned similar effects of
fire in chaparral. He calculated that 25,000 cubic yards of debris came from
each square mile of a burned-over area after a heavy rain.
Rowe (1941) established plots on a slope covered with woodland and
chaparral in the Sierra Nevada foothills. Plots burned annually had
greater run-off and erosion than plots periodically burned, and the latter
had greater run-off and erosion than unburned plots. Rowe's observations
are supported by those of Lowdermilk (1930) and Sampson (1944).
According to Connaughton (1935), a single fire in ponderosa pine forest
in Idaho caused accelerated erosion in many places. The increase in erosion
seemed to be proportional to the intensity of the burn.
Copley et al. (1944) presented data showing that semiannual burning
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of litter in the eastern hardwood region greatly increased run-off and
soil losses.
Adams. et ai. (1947) reported on the hydrologic aspects of the burning
of brush and woodland range in California, stating that they had no information which indicated that burning of range land in northern and
central California was linked with floods. The investigation of Veihmeyer
and Johnson (1944) in California grazing areas is another example of
run-off and erosion apparently being unaffected by fires.
EFFECT OF FIRES ON CHEMICAL PROPERTIES

In a study of the effect of frequent light fires on the chemical composition
of mineral soil under longleaf pine stands in many parts of the South,
Heyward and Barnette (1934) found that in general the chemical composition of the mineral soil was. improved by burning. Analyzing samples
from plots frequently burned and from plots protected from fire for at least
ten years, they concluded that burned soil had consistently higher pH,
more replaceable calcium, and more nitrogen than unburned soil. Although
values for loss-on-ignition were greater for burned than for unburned
samples, the universal presence of charcoal prevents these figures from
being regarded as indicative of differences in organic matter content (Heyward, 1936).
Wahlenberg et a1. (1939), also working in longleaf pine forest, showed
that an increase in pH in the surface soil accompanied frequent burning, and
Greene (1935) found that there was more organic matter and more nitrogen in annually burned areas. Noting that legumes were more abundant on
the burned plots than on unburned plots,' Greene suggested that symbiotic
fixation of atmospheric nitrogen might explain the increase of nitrogen
accompanying burning. The data of Wahlenberg (1935) also indicated
that in the South frequent burning increased pH, organic matter, and
nitrogen in the surface mineral soil.
Barnette and Hester (1930) compared mineral soil from an island
covered with a virgin pine stand which had been protected from fire with
soil from the nearby Florida mainland where the plant cover had been
burned almost yearly for 42 years. The sample from the unburned area
had a lower pH, less replaceable calcium, more nitrogen, and more organic
matter than the sample from the area where burning had been frequent.
Chapman (1942) reported that no deterioration in nitrogen content
9
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could be detected in samples of mineral soil taken from the upper horizon
in annually burned loblolly pine stands.
Soil studies by Lutz (1934) in the pitch pine region of New Jersey
indicated that the mineral soils from the Plains, which were frequently
burned, did not differ markedly from the mineral soils in the less frequently burned Pine Barrens. Differences in pH, total cation exchange
capacity, C:N ratio, and readily available phosphorus were negligible.
V alue~ for loss-on-ignition and organic carbon were highest in the least
frequently burned areas. The total nitrogen content of the .A 1 layer in· the
Barrens was somewhat higher than in the comparable layer in the Plains.
Joffe's (1939) investigation in the Barrens indicated that periodic controlled burning reduced acidity in the surface soil.
In the Douglas fir region, studies, of Isaac and Hopkins (1937) showed
that burning of slash on clearcut areas affected chemical propertie~ of the
duff and underlying mineral soil. Before and after a severe slash fire samples
were taken from the duff and from the 0-3 inch, the 3-6 inch, and the 6-12
inch layers in the mineral soil. The fire apparently caused, (I) a decrease
in organic-matter content in the duff and in the mineral soil (mull) in
the 0-3 inch layer, (2) an increase in N:C ratio in the duff and in the
mineral soil to a depth of 6 inches, (3) an increase of pH in the duff and
in the mineral soil to a depth of 6 inches, (4) an increase in the percentage
of mineral nutrients in the duff but a decrease in the total quantity of nutrients in the duff, (5) an increase in the weight of water-soluble salts in
the duff and in the 0-3 inch layer, (6) an increase of potassium, calcium,
and nitrate in the duff and in the 0-3 inch layer, and, (7) a decrease of
phosphorus in the duff. Chemical analyses of seedlings grown in burned and
in unburned soil showed that as a result of the fire there was an increase of
available calcium and potassium, but no change in available phosphorus was
observed. Fowells and Stephenson (1934) obtained similar results in a
study of changes brought about in a clay soil that had been subjected to a
slash fire in Douglas fir.
Fire~ in eucalyptus forest that had not been burned for over six years
did not appreciably alter pH or loss-on~ignition of the underlying sandy
mineral soil (Beadle, 1940).
Favorable effects of fire on chemical properties of mineral soil were
brought out by the work of Kivekas (1939) in Finland. It was found that
pH increased and hydrolytic acidity and exchange acidity decreased, because
of fires. Although the nitrogen content was lower, exchangeable calcium,
10
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exchangeable potassium, and available phosphorus were more abundant in
burned soil than in unburned soil, in both the 0-5 em. and 5-10 em. layers. Soil
fertility, evaluated by the growth of oats, was ata higher level in burned
than in unburned soil.
In Switzerland where the soil was acid, burned-over spots had a m~ch
higher pH and more calcium carbonate than unburned spots; the reaction
of neutral soils was very little affected by fires (Hess, 1929).
Elpatievsky et ai. (1934) and Marshall and Averill (1928) noted that
the effect of burning was to increas.e the pH of the surface soil. In Sweden
this effect may last as long as ten years (Eneroth, 1928).
Stepanov (1925) reported that burning of Scotch pine forest in Russia
caused an increase in water-soluble compounds of the alkali and alkalineearth metals and in sulfates and carbonates.
The burning of litter left after the harvest of wattle caused a loss of
organic matter and nitrogen in the 0-2 inch layer of a clay soil arid of a
loam soil (Osborn, 1931).
Soil samples were 'collected from a hardwood forest in Pennsylvania
after a disastrous fire and were analyzed by Perry (1931). The fire decreased the acidity temporarily. Burned soil had lower values for loss-onignition than samples from an unburned area. Further investigations of
the effects of fires on the soils of this locality were carried out by Perry
and Coover (1933). Frequently burned areas had lower values for losson-ignition but about the same pH in the A horizon as infrequently burned
areas. However, burning seemed to increase the pH in the B horizon.
Alway and Rost (1928) analyzed samples of mineral soil from burned
and unburned areas in Minnes.ota after a destructive fire. No differences
in nitrogen content could be detected. A difference in pH in the 0-3 inch
layer was attributed to the burn, but acidity was not changed in the 3-6
inch layer.
Griffith (1943) attempted to separate the effects of slash burning into
two classes: (I) effects of the heat of the fire, and, (2) effects of the addition of ash. Plots were laid out on agricultural soil of loamy clay texture.
Various combinations of treatments were used. After the fire there was an
increase of pH in the upper 3 inches of soil; this effect apparently was due
more to the addition of alkaline ash than to the heat of the fire. An increase in nitrate after burning also seemed to be due to the effects of the
ash. Burning had no effect on incorporated organic matter or on loss-onignition.
II
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Lull (1939) found that the pH and the antacid buffer content of the
surface mineral soil were increas.ed by burning of white pine slash.
Working in English heathland, Eden (1924) recorded that the surface
mineral soil had a higher pH two months after burning than before the
fire. Loss-on-ignition was higher in the 0-1 inch layer of mineral soil after
burning than before. Haines (1926) also determined that a fire caused a
decrease in acidity of the surface layers in a heath soil. Immediately after
the fire the percentage of soluble salts increased, but during the next few
months these salts were leached out of the surface soil.
Finn (1943) burned organic matter that had been placed upon sandy
soil and upon loamy soil in boxes. These were then set out in the open.
Leaching following the burning. caused a loss of nitrate, calcium, and potassium from both soil types. The burning caused an immediate change of
pH from acid to alkaline, but at the end of one year the soil reaction had
again become acid.
A heavy-textured soil was. analyzed by Sreenivasan and Aurangabadkar
(1940) before and after heating. They found that heat caused a lowering
of exchange capacity, replaceable calcium and magnesium, and organic
matter; replaceable sodium and potassium and total soluble salts were
increased.
The experiments of Hosking (1938) demonstrated that organic matter
heated for a few hours at 100° C. (212° F.) los.t appreciable weight.
However, laboratory experiments of Heiberg (1942) indicated that it
was unlikely that fire could cause much damage to incorporated organic
matter. Heiberg's conclusions were based upon the observation that combustion could not be maintained in mull horizons having humus contents
of as much as 60 per cent, unless an outside source of heat was supplied.
The research of Tryon (1948) with charcoal added to clay, loam, and
sand showed that the effect of burning upon chemical properties of soil
may be in part the effect of added charcoal. Charcoal caused an increase
in pH, the coarser the soil texture the greater being the increase. The
cation exchange capacity of soil was increased by hardwood charcoal but
decreased by coniferous charcoal. Total nitrogen was increased by the addition of coniferous charcoal. Although no change in available nitrogen could
be detected because of addition of charcoal, available phosphorus, potassium,
calcium, and magnesium were increased. Salisbury (1925) also noted
changes in soil characteristics associated with charcoal; nitrates, carbonates,
and pH were all increased.
12
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EFFECT OF FIRES ON SOIL ORGANISMS

A comparison of animal activity in soils of frequently. burned and longunburned longleaf pine stands was made by Heyward and Tissot (1936).
Soil protected from fire for at least ten years was permeated with holes and
tunnels of small animals and insects, but in frequently burned soil there
was little evidence of animal activity. The microfaunal population in the
A 0 horizon of unburned areas was five times that in burned areas.. The
top 2 inches of mineral soil in the unburned stands had eleven times as many
animals as. the comparable layer in the burned soils. The taxonomic groups
of soil animals were generally the same in burned as in unburned localities.
Fires decreased the abundance of earthworms.
The effect of frequent burning of litter upon the fauna of a loam soil
in North Carolina was investigated by Pearse (1943). The numbers of
animals in the mineral soil, to a depth of 3 inches, were tallied at intervals
of three months for a period of five years. Many more animals were found
on the unburned than on the burned plot. In the soil of the burned area the
numbers of earthworms decreased by 50 per cent during the period. Centipedes, millipedes, and ants also decreased markedly in abundance because
of the fires.
The effect of a single fire in a young hardwood plantation, which was
suffering severe rodent damage, was reported by Michaelis (1948). The
fire killed all the tree stems and weeds growing on the area. The rootstocks of the trees sprouted, and the new sprouts grew vigorously. The
rodents were eliminated by the fire.
Corbet (1934) studied the effect upon soil microorganisms of felling
and burning virgin timber in the humid tropics. Plate counts of these
organisms from the I -4 inch layer of mineral soil were made at intervals
before and after a fire. The number of microorganisms rose immediately
following the fire, but a week afterward, and for at least nine months
thereafter, the plate counts fell to the values obtained before the burn.
Working in Switzerland, Diiggeli (1938) investigated the effects of ashes
upon soil bacteria. The cover of organic matter under an old-field spruce
stand was burned by a controlled fire. The number of bacteria was not
significantly affected by the mixing of the resulting ashes into the mineral
soil.
Data of Isaac and Hopkins (1937) showed that conditions in the soil
were made favorable for the growth of Azotobacter by slash burning. The
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calcium liberated by burning the organic debris seemed to be responsible
for the excellent growth of the organisms in burned soil.
The soil of charcoal-burning grounds in Sweden was observed to be rich
in bacterial life (Hesselman, 1916-1917). However, charcoal added to
soil samples did not affect the abundance of bacteria or fungi (Tryon, 1948).
Hall (1921) reported that heating of soil for an hour at 100° C. (212°
F.) produced an initial depression in bacterial numbers, followed by a
definite increas.e in the abundance of bacteria.
The stimulatory effect of fire on nitrification is indicated by the work
of several investigators. Hesselman (19 I 6- I 9 I 7) stated that in Sweden
exposure of the soil to insolation is sufficient to initiate nitrification in many
mor humus types, but in some soils burning is als.o necessary to induce
nitrification. He found that the increased nitrification on lightly burned
soils often lasted over a year, and in one case as long as twelve years. According to Hesselman, the power of soil to produce ammonia was not
changed by burning. A slight decreas.e in ammonification and a slight increase in nitrification was attributed to forest fires by Kivekiis (1939).
Moderate burning may have a greater effect than intense burning in stimulating nitrification (Sushkina, 1933). Increases in nitrification because of
fires were also noted by Remezov (1941) and Fowells and Stephenson
(1934).
EFFECT OF FIRES ON SOIL PRODUCTIVITY
In a slash-burning experiment carried out by Griffith (1943) in India,
height growth of tree seedlings planted on burned plots was greater than
that of seedlings on unburned plots, the response of various species differing
sLightly. The addition to unburned soil of ash obtained from slash caused
an increas.e in height growth of seedlings, but the increase in growth was
less than that caused by burning, with or without removal of the ash. The
effect was more pronounced during the first growing season after the burn
than during the second year. Exceptional vigor of tree seedlings growing
in spots where slash had been burned was also noted by J amwal (1939).
Field observations of Kessell (1938) in Austral'ia indicated that seedlings growing in or around ash beds derived benefit from the contained
nutrients as well as from the lack of competition from grasses and shrubs.
Exotic pines showed better growth in areas burned over by a severe fire
than in unburned places. An exception was noted where Pinus radiata}
planted immediately following a burn of heavy eucalypt slash, developed
14
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a disorder known as "rosetting." The same species growing on similar
soil on adjacent unburned areas grew normally.
In Switzerland Hess (1929) noted that Robinia made twice as rapid
height growth on spots when logging debris had been burned as, on unburned areas.
In Sweden beneficial effects of fires on soil productivity have been described. Forests which grew up in burned clearings often displayed surprisingly good growth long after the effects of the addition of ash were
considered to have ceased (Hesselman, 1926). Sowings of coniferous seed
were remarkably successful on burned clearings, averaging a greater number
of stems per acre and having fewer gaps in the stand than sowings in unburned clearings ( Eklund and H uss, 1946).
As a result of a light surface fire, the height growth and abundance
of aspen root suckers were stimulated for one growing season (Shirley,
1931). During the second growing season after the fire, height growth of
the root suckers in burned and unburned localities was similar (Shirley,
1932).
In the longleaf pine region frequent light burning does not appear to
harm soil productivity. Wahlenberg (1935) found that forage plants,
corn, and slash pine seedlings grew better on frequently burned areas than
elsewhere. Longleaf pine saplings grew faster on unburned plots than on
burned plots, hut burning did not seem to affect diameter increment of
old-growth pine (Wahlenberg et at., 1939). The quantity of forage under
longleaf pine was increased by controlled burning; not only were there
more plants per acre on burned areas than on unburned areas, but the
plants on burned areas were more vigorous (Greene, 1935; Lemon, 1946).
Harper (1944) showed that light burning of the ground cover slightly
increased gum yield of longleaf pine.
According to Laurie (1939) slash burning in Madras definitely benefits
germination of seed and height growth of seedlings. However, teak plantations will not grow where an area has been burned severely and there
is a thick layer of ashes upon the ground.
The practice of burning timber in tropical Africa to produce a more
fertile soil for the production of maize was mentioned by Topham (1933).
In some' localities of New Zealand, forest fires apparently caused a
depletion of soil fertility (Worley, 1933).
Isaac and Hopkins (1937) noted that the survival of planted Douglas
fir was poor on areas which had been clearcut and burned, and the ten15
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year-old seedlings were not making as good growth on burned areas as on
adjacent unburned situations.
The lack of vigor of redwood seedlings planted on clay soil was attributed
to compaction of the soil following a fire (Fritz, 1931). Compaction of
a clay soil in France was a result of a fire in a pine stand, according to
Arnould (1933 :70); the trees grew poorly for 100 years.
Alway (1920) in Minnesota observed that agricultural crops made a
rank growth the first year after peat land was burned. The burning of
logging debris from jack pine timber, however, had no effect on the
productivity of a loamy sand soil for agricultural crops (Alway, 1928).
Working in the same region, Thompson (1925) stated that crop yields
of sunflower and hay were about the same on burned soil as on unburned
soil; however, burned soils were less productive for oats and potatoes than
unburned soils.
Samples of soil were taken by Perry (1935) from burned and unburned
localities after a fire in a Pennsylvania hardwood forest. Experiments
showed that burned soils provided superior conditions for germination,
especially for white pine seed. Seedlings of white pine and red pine tended
to grow better in unburned soil; Norway spruce grew better in burned
soil.
Phytometer studies by Lutz (1934) in the pitch pine region of New
Jersey showed no consistent difference in fertility between the frequently
burned Plains soil and the less frequently burned soil of the Pine Barrens.
Measurements reported by Somes and Moorhead (1950) showed that prescribed burns did not appreciably affect growth of crop trees in oak-pine
stands in the Pine Barrens.
Fabricius (1929) performed experiments with seedlings of seven different
tree species growing in pots. The top of the soil in the pots was covered
with a layer of ashes, which had the same thickness as the layer of ashes
resulting from the burning of a middle-aged pine stand. Germina~ion and
early development of all species were reduced. The ashes were less effective
in reducing germination upon sand than upon loam. Using a much lighter
application of wood ashes, Schmidt (1929) found that germination of
Scotch pine was, improved, but that its growth was slower than growth of
seedlings in soil not treated with ashes.
Charcoal added to soil decreased the germination of white pine seed
(Tryon, 1948). Charcoal applied to a heavy clay soil in a nursery produced
a marked improvement in growth of conifer seedlings (Retan, 1914).
16
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Beneficial effects of heat on soil fertility were noted by Sreenivasan and
Aurangabadkar (1940), Kopeloff and Coleman (19 I 7), and Hall (1921).
Heating of soil for two hours at 90 0 C. (194 0 F.) was slightly beneficial
to the growth of oats, but heating of soil to temperatures above 120 0 C.
(248 0 F.) was injurious to the growth of this plant (Seaver and Clark,
1912). Growth of vegetables was less vigorous in heated than in unheated
soil, the deleterious effect of heat decreasing with the passage of time;
grass, however, grew better in heated than in unheated soil (Pickering,
1910).
CONCLUSIONS FROM THE LITERATURE

The most important conclusion from a study of previous. investigations
of the effects of fire on forest soils is that few statements can be made
which will hold true for all fires on all soils under all conditions. Even
within a specific region, diverse effects have been reported. It is certainly
to be expected that different soils. would be affected in different ways by
fires. The texture and structure of the burned-over soil must be taken into
consideration, as well as other factors influencing soil characteristics, such
as climate; relief, and plant cover.
Certain effects of fires seem to be fairly general and have been repeatedly
mentioned in the literature. The general effects are summarized below.
I. A part or all of the unincorporated organic matter is destroyed, depending upon the frequency and severity of burning. Nitrogen is consequently lost.
2. Little of the incorporated organic matter is destroyed by the heat of
the fire, except in the case of burning heavy accumulations of slash.
3. Soil temperatures are higher during the day on burned-over soils than
on unburned soils.
4. Burned soils are more compact, have a lower infiltration rate, and
are more subject to erosion than unburned s.oils.
5. Burning affects the chemical properties of the upper layers of the
mineral soil by increasing the pH and the content of available nutrient
ions; organic matter and nitrogen in the mineral soil are not greatly affected
by burning.
6. Frequent burning greatly decreases the abundance of soil animals.
7. Fires stimulate nitrification.
8. The seedbed for conifers is improved by burning.
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LOCATION AND DESCRIPTION OF
SAMPLING AREAS

T

HE region in which the present study was made, the Pine Barrens,
is a forest area of approximately one million acres, situated in southeastern New Jersey. Forest conditions within the Pine Barrens have been
described by Lutz (1934), Moore (1939), and Little (1946). The present
investigation is concerned with the oak-pine type, which covers about half
of the entire region; the type consists chiefly of sprout oaks with scattered
pitch and shortleaf pines.
The successional stages in upland Pine Barrens areas which have not been
cultivated are: Scrub Oak-Pitch Pine association, Pitch Pine-Scrub Oak
association, Pine-Oak association, Oak-Pine association; the latter is. a
physiographic climax (Stevens, 1940). On old-field sites, the successional
stages are: Weed association, Pine-Andropogon association, Pine association, Pine-Oak association, Oak-Pine association.
The geology of New Jersey has been thoroughly reviewed by Kiimmel
( 1940), and the relationship of geology to plant distribution in the Pine
Barrens was discuss.ed by Lutz (1934a). The Pine Barrens region lies
in the Coastal Plain province, with flat to rolling topography. The soils of
the Pine Barrens have developed from marine deposits of sand, gravel,
marl, and clay.
Information on the climate of the Pine Barrens has been presented by
White (1941). Precipitation averages about 47 inches yearly and is evenly
distributed throughout the year. The average temperature for January
is 33 0 F.; for July, 74 0 F. Mos.t of the Pine Barren area has a frost-free
period of approximately 18o days.
The field work of the investigation was carried out in the Lebanon State
Forest during the summer of 1947. Two separate blocks of plots were
available for the study. One set of plots was located near Mount Misery,
1.4 miles south of New Jersey Highway 40. For the sake of convenience,
these plots are referred to as the "Lakewood plots," because the soil is
classified as the Lakewood series. The second block was located in the
Lebanon Experimental Forest of the Northeastern Forest Experiment
Station. The soil series here is classified as Evesboro, and the plots are
referred to as the "Evesboro plots."
The plant nomenclature used throughout the present paper is that
18
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recommended by the American Joint Committee on Horticultural Nomenclature (1942).
PLOTS ON LAKEWOOD SOIL SERIES

Sixteen plots were established on Lakewood soil. The experiment, begun
in 1936, was originally 'designed to show the effects of controlled burning
on the vegetation. There were eight treatments--seven different periodicities of burning and a control-two plots being assigned at random to each
treatment. Intervals in years between burns were 15, 10, 5, 4, 3, 2, and I.
Each of the original plots covered five acres, but the oak overstory was cut
on half of each plot in 1946, and the present investigation was restricted
to the 2.5-acre uncut area.
Large oaks and pines formed the overwood, with a light understory of
both. Oaks in the overwood were decadent as a result of their age, sprout
origin, and damage from periodic hot fires during the latter part of the
last century. Both shortleaf and pitch pines were prominent in the overstory. Table I contains summarized data on the overstory vegetation. The
numbers of pines on the various plots varied from 30 to 144 per acre. Oaks.
were more abundant than pines, the most common species being white oak
and black oak.
Shrubs of the family Ericaceae were common in the understory. 17accinium pallidum was abundant on all plots, Gaylussacia baccata was common
on all plots, and Gaylussacia frondosa was an important component on several
plots. Although an effect of the controlled burning treatments on the overstory was not apparent, the understory vegetation was modified in abundance and composition by burning. The effect of controlled burning of
varying frequency on the density and average height of the understory is
illustrated by Figures I, 2, and 3. These photographs show the dens.e
understory on unburned plots, the reduction in the understory on plots
burned at four-year intervals, and the sparse understory on the annually
burned areas.
The history of the general locality of the Lakewood plots is not well
known. The most recent severe fire in the area was estimated to have
occurred between 1895 and 1905. Previous to the turn of the century fires
were common, as indicated by fire scars and the poor form of the pines.
Little timber cutting has taken place during the past 40 years, excepting
the previously mentioned removal of oak on the unsampled half-portions
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of the plots. Domestic animals had not grazed here, but evidence of deer
browsing was common.
The s.oil is a podzol, derived from the Cohansey geological formation;
the series was identified by M. L. Marke1ey of the Soil Conservation Service
as Lakewood, shallow phase. According to the Division of Soil Survey,
U. S. Department of Agriculture, the Lakewood series occurs on Long
Island, N. Y., and in New Jersey, North Carolina, South Carolina,
Georgia, and Florida. Soils of this series have excessive drainage and are
inherently poor; they are little us.ed for agriculture. The upper horizon,
light gray in color, is intensely leached and is acid; the orange or yellowishbrown B horizon is also acid.
The soil type on the plots was identified from the results of mechanical
analyses, used in conjunction with the Report of the Committee on Soil
Texture of the Bureau of Plant Industry, Soils and Engineering, U. S.
Department of Agriculture (Ableiter, 1947). The type in most plots was
sand, in the remainder, coarse sand.
The humus layer type of the Lakewood plots was mor, which is commonly
associated with coniferous forests on podzol soils. Because of the marked
effect of the burning treatments on the organic layers, a general description
of these layers cannot be given for the whole of the Lakewood block. The
F and H layers were fairly well developed in the unburned areas, each of
these layers averaging 0.5 inch in thickness. The transition from unincorporated organic matter to mineral soil was distinct on unburned plots,
but on annually burned plots the transition was gradual.
In the Lakewood block the upper, leached horizon of the mineral soil
had an average thickness of 5 inches. There was no distinct A 1 horizon; the
leached A 2 layer is referred to for the sake of convenience as the A horizon.
Its structure was single-grained, its consistency loose, and its color light
brownish gray. There was a considerable amount of charcoal in the A
horizon of all plots.
The transition from the light-colored A horizon to the horizon below
was abrupt; this lower horizon is referred to as the B horizon. Its average
thickness was 13 inches, its structure finely granular, its. consistency friable,
and its color light yellowish brown.
The transition from the B horizon to the parent material, or C horizon,
was poorly defined. The C horizon was not examined in detail.
The zone of maximum root development in the soil profile was the H
layer and upper part of the A horizon. Roots were often found in the F
20
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layer, and their development in the upper part of the B horizon was fairly
extensive.
The animal life in the soil was not studied. However, it was, observed
that rodent tunnels were not uncommon, especially on unburned plots.
Ants were abundant. No earthworms were observed.
PLOTS ON EVESBORO SOIL SERIES

The second block of plots was laid out in 1940 in the Lebanon Experimental Forest, about four miles southeast of New Lisbon. The experimental
design was described by Little and Moore (1945). There were six annualburning treatments, ranging from one through six burns, with a control
treatment. Fourteen one-acre plots were laid out in a block, and each of
the seven treatments was assigned randomly to two plots. On one plot of
each treatment the oak understory was thinned to 400 trees per acre prior
to the first burn thereon, in order to determine the effect of thinning in
reducing damage to the present stand and in encouraging subsequent pine
reproduction; the resulting slash was removed. The plots were originally
two chains wide and five chains long; however, on half of each plot the
oak was removed during the winter of 1946-1947. The soil sampling was
confined to the uncut portions.
In order to obtain information on the effect on soil of annual burning
over a long period, an area adjoining the road running east of the original
block of plots was utilized. The roadside area had been burned almost
every year since 1930 with controlled' fires as a protective measure. It
Was estimated that this area had been burned 15 times during the period
from 1930 to 1947. It was located only 150 yards from the original block
of plots, and climatic, edaphic, and vegetation conditions were apparently
the same in this area as in the original block, except for differences brought
about by fires. Accordingly, two plots comparable in size to the other
Evesboro plots were laid out in the area burned fifteen times. One plot
was, -located where the overstory was fairly dense; the other was established
in a part of the area which had been thinned. It was assumed that these two
plots would be comparable to the thinned and unthinned plots in the
original experimental block.
The forest cover on the Evesboro plots was typical of the oak-pine type
in the Pine Barrens; a fairly dense understory of 23-year-old sprout oaks
existed beneath scattered large pines. Table 2 contains summarized data
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on the density, size, and age of the trees. The most abundant oak species
were white, chestnut, and black.
Pine seedlings were rare in the understory, but oak seedlings and sprouts
were common. The most abundant understory plants were Paccinium
pallidum, Gaylussacia haccata, and Gaylussacia frondosa. Legumes were
common on the thinned plot burned fifteen times, but were rare on other
plots. The effect of controlled burning in reducing the height and density
of the understory is illustrated by Figures 4, 5, and 6.
The general vicinity of the Evesboro plots was burned by a s,evere fire
in 1923, but since then the stand has been protected from uncontrolled fires.
Previous to 1923, fires were fairly common, as in all the Pine Barrens, but
the area of the Evesboro block was probably less frequently burned than
that of the Lakewood plots. No recent cutting of timber had occurred,
except that for experimental purposes. There had been no grazing by
domestic animals, but deer browsing was common.
The area on which the Evesboro plots were located was flat and well
drained. The soil, derived from the Cohansey formation, was podzolized;
it was classified in the Evesboro series. Soils of the Evesboro series have
a much thinner A horizon than do soils of the Lakewood series,.
The soil types of the Evesboro plots were identified from the results of
mechanical analyses. In most plots the soil was a sand, in the remainder
a coarse sand.
The humus layer type of the Eves,boro block was mor j similar to that of
the Lakewood plots. The transition from unincorporated organic matter
to mineral soil was distinct in unburned plots, and gradual in plots burned
three to six times. Practically no unincorporated organic material was
present on the site burned annually fifteen times.
The upper, leached layer of the mineral soil averaged 4 inches in thickness and was not differentiated into A 1 and A 2 horizons. This leached layer,
referred to as the A horizon, was single-grained in structure, loose in consistency, and light brownish gray in color. All plots had cons,iderable
amounts of charcoal in the A horizon.
The transition from the A to the B horizon was abrupt. The average
thickness of the B horizon was 19 inches. It had a finely granular structure,
friable consistency, and light yellowish brown color.
Root development in the Evesboro profile resembled that in the Lakewood. No earthworms were observed. Ants were abundant, and rodent
tunnels were present on some plots.
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COLLECTION AND LABORATORY ANALYSIS
OF SAMPLES

T

HERE were three kinds of soil samples collected from each plot:
( I) unincorporated organic matter, (2) the mineral soil of the A
horizon, for mechanical and chemical analysis, (3) cylinder samples of the
0-1 inch layer and the 0-4 inch layer of mineral soil for analysis of physical
properties.
UNINCORPORATED ORGANIC MATTER

On each plot five random positions were selected. The sampling procedure at each of the five positions was as follows: a board with area of
0.333 square foot was placed at random on the ground; while it was
held firmly in place the organic matter resting on the mineral soil was
trimmed away from the edges of the board. The board was then lifted,
and the unincorporated organic matter was removed and placed in a bag.
This procedure was, followed three times at each sampling position, so
that a composite sample was obtained, representing I square foot.
At each sampling position the thicknesses of the L, F, and H layers were
measured to the nearest o. I inch.
In the laboratory the air-dry weights of the samples were determined,
and a smaller sample weighing about 3 grams was removed. The original
samples were oven-dried at a temperature of 100-105° C. (212-221° F.)
and the weights obtained. Volume-weight values were calculated from the
thickness measurements and the above weights.
From the 3-gram lots, I-gram samples were taken for analysis of nitrogen
by the Kjeldahl method, as outlined by the Association of Official Agricultural Chemists (1940:4).
Data from the files of the Northeastern Forest Experiment Station, concerning the percentage of plot area covered by forest floor material, were
utilized.
MECHANICAL AND CHEMICAL ANALYSIS OF THE

A

HORIZON

The five random positions previously mentioned were used for sampling.
At each position the soil profile was exposed as far down as the B horizon.
The unincorporated organic material was removed from the mineral soil
surface at the upper edge of the pit. Then a composite sample of approximately 1000 cc. was collected, utilizing the entire thickness of the A horizon.
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After air-drying, the soil samples were separated into two fractions:
( I) material greater than 2 mm. in diameter, and (2) material less than
2 mm. in diameter. These fractions were weighed, and the percentages of
each calculated.
Samples of material under 2 mm. in size were subjected to mechanical
analysis, following the method of Bouyoucos. (1936). Hydrometer readings
taken at the end of two hours showed the percentage of clay (material less
than 0.002 mm.). The sands were separated with sieves of the U, S. Standard series into fractions. These fractions were weighed, the percentages
of each calculated, and the total percentage of combined sands computed.
The percentage of silt was determined by difference.
The chemical properties of the A horizon which were selected for analysis
were as follows: organic matter, total nitrogen, acidity, exchangeable calcium, exchangeable potassium, and readily available phosphorus. The percentage of organic matter was determined by the wet combustion method
of Peech et al. (1947). The percentage of nitrogen was determined by the
Kjeldahl method as outlined by the Association of Official Agricultural
Chemists (1940:4). The pH, amount of exchangeable calcium, and amount
of exchangeable potassium were determined by the methods of Peech et al.
( 1947). The method of Truog (1930) as described by Wright (1939:2 I I )
for determination of readily soluble phosphorus was used; the color intensity
was measured with an electrophotometer.
PHYSICAL PROPERTIES OF THE MINERAL SOIL

The following characteristics were investigated: rate of water infiltration, volume weight, field capacity, pore volume, and air capacity.
Water infiltration was measured in the field; sampling was confined to
periods when the s.oil was at its field capacity. On each plot ten random
me~surements were made. For each measurement a steel cylinder 20 em.
high, having a cross-sectional area of 100 square centimeters, was driven
into the soil to a depth of 10 cm., after removal of unincorporated organic
debris. A piece of muslin placed inside the cylinder prevented disturbance
of the uppermost soil particles. One liter of water was added, and the time
required for it to pass into the soil was recorded.
Measurements of the other physical properties were carried out on two
kinds of cylinder samples. A steel cylinder 10 cm. high, with an area of 100
square centimeters in cross section, was used to sample the 0-4 inch layer
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of mineral soil. For sampling the 0-1 inch layer a cylinder I inch high
with a cross-sectional area of 100 square centimeters was prepared. Both
cylinders were bevelled to a cutting edge on the lower side.
The mineral soil was at field capacity when sampling for the physical
properties was carried out. On each plot five random positions were selected,
and at each position two composite samples were collected, one from the 0-1
inch layer, and the other from the 0-4 inch layer. Each sample was weighed
within 30 minutes of collection, to minimize evaporation losses.
In the laboratory the oven-dry weight of each sample was determined,
and volume weights and percentages of moisture at field capacity were
then computed. Each sample was placed in a vessel, covered with water to
which a few drops of a commercial wetting agent were added, and allowed
to soak, with occasional stirring, for 48 hours. Soil and water were then
transferred to a desiccator with tubulated cover and subjected to a vacuum
for two hours, with occasional shaking. Satisfactory removal of air from
the sample is effected by this method (Lutz, 1944). The apparatus was
converted into a pycnometer by addition of a glass tube to the top. Water
was added until the level was brought to a reference point on the tube.
The pycnometer with the contained soil and water Was then weighed, and
the temperature of the suspension taken. The weight of the pycnometer
filled with water alone, at the same temperature as that of the soil-water
suspension, was determined. Pore volume, in cubic centimeters, was calculated by subtracting the volume of water displaced by the soil from the
volume of the soil in place. The percentage of the total volume occupied
by pores was then calculated for each sample. Air capacity values were
computed by subtracting the field capacity from the pore volume.
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RESULTS AND DISCUSSION

T

HE data from both the Lakewood plots and the Evesboro plots were
subjected to analysis of variance. For some of the properties studied,
there was a tendency for the treatment means to be correlated with their
ranges; the measurements of these properties were transformed to logarithms for statistical analysis. In the case of some of the Evesboro properties,
the data from the unburned plots and from the plots burned fifteen times
(the two extremes of the burning treatments) were obviously inconsistent
with results from the other treatments; therefore, in the analysis of variance
the seven degrees of freedom associated with burning treatments were
split up, with the specific purpose of isolating these particular treatment
comparisons. A regression analysis was made for each property of the
Lakewood soils, in order to show the effect of increase in number of periodic
controlled fires on the soil; suitable curves were mathematically fitted
where the regression was apparently not linear. In the case of the data
relating to the Evesboro soils, regression coefficients were calculated in the
analysis of covariance, both for the thinned set of plots and for the unthinned set; mathematical curves were also fitted here for non-linear regression.
The "F" test (Snedecor, 1946) was used to ascertain statistical significance in analysis of variance and covariance and in regression. "F" values
associated with probabilities of 5 per cent, or less, are regarded as statistically significant; however, s.uch statistical significance does not necessarily
imply ecological or silvicultural significance.
Controlled burns at approximately four-year intervals are used in the
Pine Barrens as a forest management measure. In the data for the Lakewood
soils this moderate burning treatment is represented by three controlled
burns; in the Evesboro block two annual burns are considered a moderate
burning treatment. In evaluating the results of the regression analysis,
particular attention was devoted to comparing complete fire protection with
moderate burning treatment and with severe burning treatment (eleven
annual fires on Lakewood plots, fifteen annual fires on Evesboro plots).
It was assumed that the most appropriate value for a given soil characteristic
associated with a given burning treatment would be the value taken from
the regression curve.
Tables 3 to 10, inclusive, in the Appendix, contain the average plot
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values for each soil characteristic studied. The statistical analysis was made
from these data.
UNINCORPORATED ORGANIC MATTER

Burning produced a statistically significant effect on eight of the nine
forest-floor properties investigated, volume weight being the only unchanged
characteristic. In those cases where the analysis of variance failed to show
significant burning effects, the regression study brought out trends..
Moderate burning treatment of Lakewood plots reduced the weight
of unincorporated organic matter from 1.0 to 0.4 pound per square foot;
the total thickness, from 2.5 to 0.8 inches; the thickness· of the L layer,
from 1.3 to 0.3 inches; the thickness of the F layer, from 0.6 to 0.2 inch;
the thickness of the H layer, from 0.5 to 0.3 inch; the weight of nitrogen,
from 0.01 to 0.005 pound per square foot; and the area covered by forest
floor, from 98 to 77 per cent.
Moderate burning of the Evesboro plots produced quantitative effects
somewhat less striking than those produced by moderate burning on the
Lakewood plots. Changes in the amount of unincorporated organic matter
differed in stands which had been thinned as compared with those where
thinning had not been carried on. In unthinned stands, the weight of the
unincorporated organic matter was reduced from 1.15 to 1.05 pounds per
square foot; the total thickness, from 2.7 to 2.0 inches; the thicknes.s of the
L layer, from 1.1 to 0.8 inches; the thickness of the F layer, from 0.7 to
0.5 inch; the thickness of the H layer, from 0.5 to 0.4 inch; the percentage
of nitrogen, from 1.19 to 1.15; the weight of nitrogen from 0.015 to 0.012
pound per square foot; and the area covered by forest floor, from 97 to
85 per cent. Thinned stands were less affected than unthinned stands; the
weight of unincorporated organic matter was reduced from 0.8 to 0.7
pound per square foot; the total thickness, from 1.5 to 1.2 inches; the
thickness of the L layer, from 0.9 to 0.6 inch; the thickness of the F layer,
from 0.4 to 0.3 inch; the thickness of the H layer, from 0.22 to 0.20 inch;
the nitrogen content, from 1.19 to 1.15 per cent; the weight of nitrogen,
from 0.012 to 0.009 pound per square foot; and the area of forest floor,
from 89 to 77 per cent.
Severe burning treatment almost completely destroyed the unincorporated
organic matter; only traces were left on the Evesboro plots. In the Lakewood block the weight of unincorporated organic matter was reduced to
27

EFFECT OF FIRE ON FOREST SOILS
0.2 pound per square foot; the total thickness, to 0.4 inch; the thickness of
the L, F, and H layers, to 0.1 inch each; the weight of nitrogen, to 0.002
pound per square foot; and the forest-floor coverage, to 30 per cent.
The reduction in amount and thickness of the unincorporated organic
matter accomplished by moderate burning treatment may be favorable
ecologically. Thick accumulations of mor humus are generally regarded
as undesirable for tree growth (Ramann, 1898; Hess, 1929 :30; Siichting,
1929, Dengler, 1935 :282). In unburned areas, organic debris tends to
build up more rapidly than it decomposes, taking nutrient material out of
circulation. Each controlled fire puts some of the mineral nutrients back
into circulation, allowing them to be abs.orbed by plant roots. Moderate
burning treatments result in small losses of nitrogen from the forest floor;
however, almost all of this loss is from the L layer, where the nitrogen is
not available for plant growth.
The loss of nitrogen accompanying annual burning for eleven years,
or more, must be regarded as ecologically unfavorable. This treatment
even reduces. the humus layer to traces, eliminating an important source
of mineral nutrients for tree roots.
MECHANICAL ANALYSIS OF THE

A

HORIZON

Texture was relatively uniform throughout both soils investigated; the
soil from each plot had 90 per cent or more sand and from 2 to 3 per cent
clay. No statistically significant differences appeared in analyzing the data.
It may be concluded that differences in chemical and physical characteristics
of the A horizon which are associated with the treatments are a res.ult
of the treatments rather than of inherent differences in the soils.
CHEMICAL PROPERTIES OF THE

A

HORIZON

Although the analysis of variance of the Lakewood soil data failed to
show statistically significant effects among treatment means for any of the
properties investigated, the regression analysis indicated that there are
slight increases of pH and of exchangeable calcium with increase in the
number of controlled burns. Moderate burning treatment increased pH
from 4. I to 4.2 and calcium content from 0.0025 to 0.0028 per cent; burning
eleven times increased pH to 4.5 and calcium content to 0.0037 per cent.
Burning had more definite effects on the chemical composition of Evesboro soil than Lakewood soil, except for content of readily available phos28
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phorus. Thinning decreased s.oil acidity, but did not affect the other chemical
properties. Moderate burning treatment on Evesboro soil had only slight
effects, increasing organic matter from 1.8 to 1.9 per cent; the nitrogen,
from 0.028 to 0.032 per cent; the pH in thinned stands, from 4.0 to 4.1;
the exchangeable calcium, from 0.003 to 0.004 per cent; and the exchangeable potassium from 0.00085 to 0.00091 per cent. Annual burning for long
periods substantially modified the chemical composition of the soil of the
Evesboro plots. Organic matter was increased to 2.6 per cent; the nitrogen,
to 0.06 per cent; the pH in thinned stands, to 4.5; the exchangeable calcium, to 0.012 per cent; and the exchangeable potassium, to 0.0014 per cent.
Moderate burning treatments evidently did not result in deterioration
in the chemical characteristics of the mineral soil. In fact, the slight changes
are ecologically favorable. Annual burning for long periods also improved
the chemical composition of the mineral soil; however, this improvement
occurred at the expense of the unincorporated organic layer.
PHYSICAL PROPERTIES OF THE MINERAL SOIL

Analysis of variance of the Lakewood data did not show statistically
significant differences among treatment means, and none of the regressions
are significant. The Evesboro data, however, indicate that burning can
change the mineral soil. The analysis of variance brought out differences
between the mean of the severe burning treatment compared to the average
of all other treatments in the case of infiltration time, volume weight of
the 0-4 inch layer, field capacity of the 0-1 inch and 0-4 inch layers, and
air capacity of the 0-1 inch layer. Statistically significant differences among the
means for treatments involving no more than six burns did not appear.
These facts indicate that more than six annual burns are required to cause
appreciable changes in physical properties, but that burning as many as
fifteen times does modify the soil.
Regressions were statistically significant for the properties of the Evesboro
soils, indicating a slight progressive physical modification brought about·
with increase in number of controlled burns. The effect is most marked in
the case of infiltration; it is rather poorly defined for other properties,
especially in unthinned stands.
The analysis of variance did not indicate that thinning had an effect on
physical properties.
It was noted that the data do not show significant regressions for either
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the 0-1 inch or the 0-4 inch layers, except in field capacity. Significant
trends with respect to changes in volume weight and pore volume of the
0-1 inch layer, or with regard to air capacity of the 0-4 inch layer, did not
appear.
Moderate burning treatment of Evesboro soil increased infiltration time
in unthinned stands from 140 to 150 seconds per liter, and in thinned
stands from 127 to 145 seconds per liter. Volume weight of the <>-4 inch
layer was decreased from 1.28 to 1.27; the field capacity of the 0-1 inch
layer was increased from 11.5 to 12.3 per cent, and in the 0-4 inch layer
from 10.1 to 10.4 per cent; the pore volume was increased in the 0-4 inch
layer, from 50.7 to 50.9 per cent; and the air capacity was decreased, from
46 to 45 per cent.
Burning fifteen times increased infiltration time to 215 seconds per liter
in unthinned areas and to 270 seconds per liter in thinned stands; it reduced
the volume weight of the <>-4 inch layer to 1.22; it increased field capacity
in the 0-1 inch layer to 17.0 per cent and in the 0-4 inch layer to 12.6 per
cent; it increased pore volume of the 0-4 inch layer to 52.6 per cent; and
it decreased the air capacity in the 0-1 inch layer to 41 per cent.
The reason for the failure of controlled burning to modify the physical
properties of Pine Barrens soil to any great extent is that the soil is extremely sandy and is structureless. The only outstanding effect of the fires
on the mineral soil is a decrease in the rate of infiltration. After removal
of all, or almost all, of the forest floor, the exposed uppermost soil layer
is compacted by the force of raindrops. It is unlikely that this compacting
effect extends below a depth of 0.1 to 0.3 inch; if it affected a much thicker
layer an increase in the volume weight of the 0-1 inch layer would result,
and the data showed no such increas.e. However, a substantial reduction
in infiltration rate results from compaction of a thin surface layer, because
all water entering the soil from above must pass through this boundary
layer.
The effect of controlled burning, or even annual burning over long
periods, on the physical properties of Pine Barren soils appears ecologically
insignificant. A slight compaction takes place as a result of burning, but
these soils are well aerated and compaction may even be ecologically favorable. The infiltration rate is quite rapid on all areas, even those burned
annually fifteen times. The slight increase in field capacity, probably a
result of added charcoal, is ecologically favorable.
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ONTROLLED burning is used as a silvicultural measure in several
forest types. In the New Jersey Pine Barrens light winter fires have
been recommended because they furnish protection from wildfires, produce
favorable seedbeds for pines, and retard hardwood reproduction. The
purpose of this investigation was to study effects of such controlled burns
on the soil in oak-pine stands of the region.
A review of literature showed that few generalizations as to the effects
of fires on forest soil can be stated. Besides destroying some, or all, of the
forest floor, burning usually causes compaction, increases pH and content
of nutrient ions in the upper layers of the mineral soil, but has. little effect
on the content of organic matter and of nitrogen in mineral soil. Temperatures are generally higher during the day in burned-over soils than in unburned soils. Frequent fires decrease the abundance of soil animals but
stimulate nitrification.
Two experimental areas in the Pine Barrens were available for the study.
Both were characterized by flat topography, temperate climate, small trees,
and well-drained, sandy, acid soil. One area, located on soil of the Lakewood
series, showed the effect of periodicities of burning varying from every
year to every fifteen years. The other area, located on soil of the Evesboro
series, exhibited the effects of annual burning for periods ranging from one
to fifteen years.
The data indicated that moderate burning treatments, that is, burning
every four years or two annual burns, had much less effect on the soil than
did annual burning for long periods. Moderate burning had the following
effects on unincorporated organic matter: (I) the weight per unit of area
was slightly decreased, (2) the total thickness of the L layer was substantially reduced, (3) the thickness of the F and H layers was slightly decreased, (4) the proportion of area covered with forest-floor material was
appreciably reduced, and, (5) the percentage of nitrogen and weight of
nitrogen per unit of area were slightly decreased. The chemical and physical
properties of the mineral soil were not appreciably modified by moderate
burning treatments.
Annual burning for long periods caused: (I) almost complete destruction
of the forest floor, with consequent exposure of mineral soil and loss of
nitrogen contained in the unincorporated organic matter, (2) increases in
pH, organic matter, nitrogen, exchangeable calcium, and exchangeable po-
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tassium in the A horizon, (3) a substantial decrease in rate of infiltration,
(4) slight increases in field capacity and pore volume of the mineral soil,
and, (5) slight decreases in volume weight and air capacity of mineral soil.
No appreciable change in phosphorus content as a result of this treatment
could be detected.
A consideration of the results leads to the following conclusions. as to
the effect of controlled burning on the soil characteristics investigated.
I. Moderate burning treatments benefit the mineral soil chemically and
probably have favorable effects on the forest floor.
2. Annual burning for long periods has unfavorable effects on the forest
floor but benefits the mineral soil chemically.
3. Controlled burning is of little or no importance from the standpoint
of the physical properties of the mineral soil.
Effects similar to those presented above may be expected when light,
controlled burning is applied to forests having environmental conditions
analogous to those in the oak-pine stands of the New Jersey Pine Barrens.
However, caution is advised if thes.e results are extended to other kinds
of soil or to sites with differing topography, climate, and vegetation.
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TABLE 4-EFFECT OF CONTROLLED BURNING ON UNINCORPORATED ORGANIC MATTER,
EVESBORO PLOTS

Thinning
treatment

Number of annual burns ending in
I

0

2

3

4

5

1946
6

IS

Oven-dry 'Weight, pounds per square loot
Unthinned
Thinned

1.28
0.78

1.06
1.01

0·99
0.87

Unthinned
Thinned

3-4

2.1

1.6

1·4

1·3

1.6
1.2

Unthinned
Thinned

0.0354
0.0608

0.0474
0.0722

0.0576
0.0678

0.05 60
0.0542

Unthinned
Thinned

1.8
0·7

0.6
0.8

0.8
0.6

0·96
0;75

0.66

0.70
0.63

0.15
0.08

0·4

1.0
0.6

0.2
0.2

0.0989
0.0446

0.06 53
0.0986

0.067 8
0.0361

0.6
0·3

0.1
0.1

0.2
0.1

0.05
0.05

0.2
0.1

0.1
0.1

0.85
0.19

0·49

Total thickneN, inches
1·3

0.8

1·5
0.6

Polume weight
0.04II
0.0760

Thickness 01 L layer, inches
0.8
0.6

1.1
0.2

0.2
0.2

Thickness 01 F layer, inches
Unthinned
Thinned

1.2

0.8

0·3

0·3

0·4
0·4

Unthinned
Thinned

04
0.2

0·7
0.2

0·4
0·3

Unthinned
Thinned

0.85
1.06

1.46
1.18

Unthinned
Thinned

1.09
0.83

1·55
1.19

0·4
04

0.2
0.2

0.2
0.1

Thickness' 01 H layer, inches
0·4
0.2

0.2
0.2

0·4
0.1

Total nitrogen, percentage 01 oven-dry weight
0·97
1.15

1.08
1.41

0.90
1·47

Total nitrogen, pounds per
0.96
1.00

1.04
1.06

0·59
0.72

1.01
0.70

0·96
0·79

100 square leet
0.86
0.67
0.13
0·50

0·74
0.70
O.II
0.06

Percentage 01 area covered by loresi floor
Unthinned
Thinned

99
94

88
92

85

84
85

91

44

75
48

63
50

65
39

6
4

ILL USTRATIONS

FIGURE

I

Unburned plot, Lakewood soil series. The understory is tall and dense.
Photograph by U. S. Forest Service.

FIGURE

2

Plot burned three times at intervals of four years, Lakewood soil series.
The understory is not as well developed as that of unburned areas. Photograph
by U. S. Forest Service.

FIGURE 3
Plot burned annually eleven times, Lakewood soil series. The understory
is sparse and mineral soil is exposed over much of the area. Photograph by
U. S. Forest Service.

FIGURE 4
Unburned plot, Evesboro soil series. The understory is relatively tall and
dense. Photograph by U . S. Forest Service.

FIGURE 5
Plot burned annually two times, Evesboro soil series. The understory is
not as well de veloped as that of unburned areas. Photograph by U . S. Forest
Service.

FIGURE 6
Area burned annually about fifteen times, Evesboro soil series. The understory is sparse and over most of the area mineral soil is exposed. Photograph
by U. S. Forest Service.
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